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Tie electromechanical tether cable for RUWS employs a Kevlar strength member and
single coaxial electrical member. Power and comnand/control signals to the vehicle and the

____wide bandwidth video and sensor data from the vehicle are simultaneouslv transmitted oi the
tether cable through use of time and frequency multiplexing techniques.

Hydraulically-powered systems wer- selected to perform the RUWS mechanical func-
tions because of their tolerance to high ambient pressures and their inherent versatility through
simple variable-speed controls. Hydraulic systems are compact and offer a low weight-to- A
power ratio. Weight is significant because of the high cost of syntactic foam that is needed to
provide vehicle buoyancy at deptls to 6.100 metres (9,000 psi).

Another lmiajoi factor for selecting electrohydraulic propulsion systems over electric
propulsion systems was that controllable electric drive motors would cause a varying electrical
load which would produce large line voltage variations at the vehicle due to the IR (current

X cable resistance) loss in the cable. The RUWS system uses a 8.315-metre (24,000-foot)
coaxial electromechanical cable that transmits up to 45 kVA of 60-Hz. 3000-volt power to
the PCT and vehicle. Tie electrical control and inforniation signals ,re time-division multi-

plexed onto the coaxiai power cable. Tie sensitivity of the multiplexing circuitry requires a
fairly constant voltage level. Large voltage regulators with their attendant high heat load
would be required for large line voltage variations. By operating a fixed-displacement hydrau-
lic pump at a constant speed and throttling excess oil flow through a relief valve the electric
pump-drive motor is under constant load. thereby minimizing the electrical current variation.

Hydraulic propulsion systems. howvever. tend to produce more noise than electric pra-
pulsion systems. Components in a hydraulic system considered to be major noise producers
are pumps. motors and valves.

Tie objective of this program was to select several commercially available hydraulic
pumps, motors and valves as condidate components for the RUWS electrohydraulic propul-
sion system, perform acoustic tests on the components, and select the quietest components
that would fit the requirements for the RUWS hydraulic system.

SYSTEM OPERATING REQUIREMENTS

= The components in RUWS sulbmersibles requiring electrohydraulic power consist of
the thruster drives, vehicle tether winch and traction drives, and the vehicle's work suit (mani-

pulators. camera gimbal. and special tool drives). Figure 2 depicts the RUWS vehicle, its
thrusters and work suit. The thruster arrangement provides four degrees of propulsive control:
vertical, transverse, fore and aft, and yaw.

The vehicle work suit (reference 1) consists of a seven-function manipulator, a four-
function grabber. a TV-camera pan and tilt gimbal, and various work tools. Tie work suit is
electronically controlled and hydraulically powered. To meet the design pefornance goals
for the work suit. 1000 psi was needed for the hydraulic supply pressure. and therefore 1000
psi was selected for the RUWS vehicle system pressure. Candidate hydraulic components
selected for use on the vehicle were tested at 1000-psi differential pressure for the acoustic
compatibility evaluation.

1. Marrone. R. A.. J. Held, and R. W. Uhrich. "Manipulator. Grabber and Tools for the
ROWS Work Subsystem", NUC TN SIS, Volume 2. November 1972.

@T-m-



Al

t A

__lock,

tS
___ _ _FM



AC( ISTIC COMPATIBILITY CRITERIA
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V Electric Motors General Electric. Model 4K254A K205
Louis Allis Pacemaker Motor

Pumps Born Warner. Model P4-213B
eLaval. Model IMO A12-DR-137

Vickems. Model V30-IF I5F-ICL

Racine Supen'ane
Ilydrastar. Model 5-lil-20G

Motors WSL Model 35 Mark VI*
Nutron. Model NF AV-2.5
Char-Lynn. Orbit Model AAS*
Lamina Model A-62F* [
Planet. Model MV-.93-A lA2BlAl 1

Servo Valves Olsen. Moddel S-5C
Moo. Model 74-104
Moog. Model 35-A-76-1 5-E-05-6-A 4
Sanders. Mode! SV-438-10P

-- Relief Valves Republic. Model RG7O -2-3;4 521.4
Vickers. Mo I CT-I O-C-20 4

Fuid Controls. Model IAR4 -FiL 0-30S
lFluid Controls. Model I A32-R6-30S 
Circle Seal. Model PI0-776p Rolamite. desinlA and fabricated at NOSC

*Tested at Ku Tree Reservoir _

The electric motors were necessar, for test purposes to drive the pumps. Their noise outputs
were very low and did not significantly ctntribute to the results of the piump tests (graphs
A-101 and A-102 in appendix A).

COMPONENT EVALUATION

The facilities and procedures used in evaluating the candidate components are des-
cribed in the following paragraphs.

TEST FACILITIES

The initial tests were conducted at Ku Tree Reservoir (figure 5) in central Oahu. Th@is
site was desirable because- of its large water volume and its bottom profile. which minimized
reverberation at the hydrophone. Because of logistics problems encountered at remote
lest site, however, the tests were continued in a Doughboy swimming pool. 28 feet in diameter
by 4 feet deep (figure 6). The reverberation off the walls and bottom of the pool produced an

12I
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Increl-se inthe fie mui -mioud pivsstwo levels; bi tile Slalpes Of -tile noise stped r1u11 appnoxi-
111ated 1110W o~etded ul to'ttie comipotielit tests at thle teswti'u ii Igure 7). t Was ullscmvd

thatI til soun Sre ure cune ~hi Wasi iplorWIti to the ab.,olute 1noise level. i.e., tile in-
ceaise iM sounld pressnie11 level was largest I'M lte noisiest coimponents and less 1"or thekqieiter
OMMs I all cases; pool wreadigs wve~ higher thanl oplen watet' tvadings. so thle use of' pool no0ise
rea'iigS tir compitonent sclectionl is felt to be onl thle conlservative side.

110

tfl 90'RUrnr IISWIMMING PLrESULTS

100

0 40 60 120 160 200

111d mvimmilig poo wMiII withi Kki five Re~et'Nir lvslllt.

InI I 07t a salhi'ater lost pool was btlilt at thle NOSC' I lawaii Laboratory anld was thenl
kused lor, t,1niherf acoutmic testinig. Flgin'e'S illustrat-s tile layout of, thle saltwater test pool.
T'able I shiows i wlecmpnet wereo tested atWhich thcilty Only those C11ompoentls-
lested !in the \;ttl mW Iility- simol i bo conipareil.

Tihe coipon1wel ti ad lhdophlone were suspendved tImil cantileveved bealums anld sub-
mulelrged l'adl'"a' tokte hot toi ofithe 110A. NO hoses or brackets touched thle sides or, bottom

A h\aill- lom tst stand \xs use61 to SupJply i1vssure anld flow to tile muot1ors andt v'alves
t1or testing I The test Stanld was equipped with pressure "ages to 1muonlitom' output allki return-
liessims. a flowmnleti o m1onlitor, fow ito thle aliopoeln and valve," it Control Ou~tp~ut and
rettun preswltui\ m 'nitmhw I hdalc i.Nl A[6y was used i the tests.

SOUIJNIV lASURE~N I 11 UQ1llNtUNT

Aeouistic imeasurunemx\ wure niado using a ('levite I lyvolhono. Model ('S-33 1 AAG
(01YV), iihmi co'n'msts ot a_ IlA seisot' mnd -i ('A-A&A preamnjlifler assembly. Th'lis system
wos ca-libratedl b1V clevite -and hald a flat reponse of' -ff dB 2 Fi o rl nce I voliiwba'. Tlhe
hlydrim~lone system IN-p owred by a I 2-volt battery,

__A
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To Convert from thIe scop~e readJing tot the taunardi unIi ts of' (13//'11icrollascaI/I Iz/yd(.
thec following, relationship was used: di131 1 pl'a/ I I1141 yd =scope reading + 148.2. This rela-
tionshap is deri Nd ams follows: the scoperedjgiin(l uliwtdtm)whhisefeds
10 logS 100 V. .1he1 following equation is ulsed to convert scope reading to 113 v'olts (A llv):

(1l311 10 log 1000 Where R SO0 ohm11s

ME 10 og 1- \1

-10 (Iog 20 +f 2 lot, \')

-13 20 log,

-13 + d113v whler'e d11v =20 log- V

thefore: dl11v (1i111 - ISI

scope on'd ilg I 1

A scain bandwidth (11W) of 300 IN was used. To convert to a I-li1z 13W, 10 log 13W mu11st be

-~ subtracted f rom thie scope readings. Therefore:

di/1 It? (Illm - 13 - 10 lo- l3W~

(I ll - IS 10 to,, 300

(Iill) - 1- 24.8

Th20 spectril anlve hs Soisut -eimr an - -l the hydrophone amuiphflier. is -

it ~ dllmu --31.8

-113m - '7.

d~n-3.
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Simplified Schema~tic is ShIowil ill figm- 9.
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Ilydrophlle sensitivity miust be subtracted to get thle act sound plitur levels at the
hydrophone. Thercio-re:

Mini + 34.1

To determine the sound pressuire levels at onle vard spacingi, a1 Correction fm:o. 0lg )
mutst be added to accounit for thle spreading loss. Thle absorption loss for five yrspaincinge is
ne~gligible and was not considered. Th'lerefore. wihere lydrophione "pacing 1) 5 Yards.

it1Il mierobar/q llz~l vd = dlti 34,-2 + -20 log 5

=dlim 34.' + 14

_____ = ll + 48:2

A ieola al is MqlaettoIO microbar. So. inl H1. the .Cro ref'erence onl the miicrobar

scae is equivalent to 100 -B onl thle microllaslscaeTeeoe

dB" 1 iiroacl I 11 ard ill +48.2 + 100

(dBm+ 148.2

Whlen tranlsposing thle acoustic Curves f'rom thle polaroid pictures to thle graphis 148.2 was
_____added to the till scale.I

COMPON ENTITESTS AND1 RIESU LTS

The methods that wvere employed inl acoulstic testing of thle different componlents areI described in thle following paragraphis.

___ RELIEF VALVES

'fhe relietf valves tested were set to opeli at 1000-psi differential pressure.1The valves
_____were installed as sliown inl figure 10 and tested at Various flow rates. To deterinle thle effects,

of higher ambienit pressures onl thle noise Output of hlydraullic Components, simullated lbighl
amibienit pressure tests were run by inicreasing return tiine pressures wile mahnan al 1000-
Psi differential pressure, across thle valves. Th~ree pressure relief valves were tested at variouls

____return linle pressures to determine the effects of thle hiigher pressures on ncise outpu11t.

XEZ

______



HiYDR~AULIC
I E-, 7
I AND

FRELIEF VALVE~

iliver 10. Test sceematic: relidlef is.

Relief'vlv test results areC Shlown in graphs 13-lu Il rough U-5 10. B-001 I hrough
B-604. G.-201I through G-208. and G-301 through G-304 in tile appicesfJi.

1'Vickes rlict'valveo was lested at meurn line jIR ssues o01 '-M .0300. -400. 4M~
and 500 psi. Acoustic data kgraphs 11-01 tlirout~ 13- 1 otapnd'\ A) show that bM in-
evasing thle return1 tiine presmure fromi 0 to 215) psi. the low t'requency (0-40 ki lz) noise output

wvas reducved considerably but thczi. was little etTect on thle higher T:AunLs lhiere W.1s not
further reduction in lowv Imiequencv nioie output wvidh inlcivasing I~lvssure-s- however, (lhe niild=
tange (40-kIlWz noise otpuit kleci-ae w~ %LIith inicivasing pressure uip to 400 psi. The h~igh fvc
viCucy (I140-200 kliz) noise ouitpult dcrevscd whenl the 'mesillrC Was illneaed f'ronm ISO to
450 p~si. There wvas no chiange in noise outplut with anl inicivase in pressure trii 450 to 500

The Republic relief valve was tested with return line pressures Oo . 25S0. 500, anld 750
psi. as seenl ill graphs, 134C thogh 13-4018 oftru -t' appendix A. The lowv fre-luency noise ouitpult
decreased With ineicasing pressure up to S00 psi: however. there was\ little Or no0 significanit
Change inl noise outpult With anl illceiae it' return line ressure froim 500 to SO0 psi.

to



The zteolustic datitn dicate t hat eavit~atioul n1oie wats prollblv nmdu e d or 0chin m1ated at
pssures above 450 pisi. NI would also appewar that opcrat ionls at depthis below 1000 feet

wvhetv amibient prevsxlsures preneter thau 4350 psi, WONt have much towevr noise levels thI tutu-p
er.16ons nearer. the sulrftee. All reiel' valves were tested at both 0- land W0-psi return precssues
to determuine their no0ise outpult at the surfitee and at delth.

The results shlow inconlsislcies inl sonic of, th1elut es f'tI te--11(s[till under alapne lvid

to dissolved gase-Sinl the hydraiuhie oil coming out sl ~ tio u nestite. 'With lesdissolved

iases ttteiv Would be less gaseius Cavitation.- Foami \v.I" observed in the oji reset you' dut tug
testing evenl tltoiigd thle reset or oil level was sit iticiently hligh andk thle reset you. was iiouuted
above thle puulipl.

The amtiount Oair dissolved inl thle (lil was, liko! 11msrd during thle tests, 'otuponeutls
tested with sa;turated Oil may.1 appearl noisier thlt those tested Witli low gas con teut . *Tewe-
t'ore, thle best Comparisons are Imade bierteen coipoteuls tini1 Wvere tested wiil 1500-psi ret0(un
tite pr~essure.,

A Sanders frictiotial-hr-ottling Servo valve. nIodi'a lunber SVA 38-lOP., was ;ioustiveall
- tested inl a rtief Valve Imode: ixe. it was. used to regulate pressurev by throttling ttile hydratulic

oil flow Wilit i1o em r-euze load. 1t was eoupre ith (lie Vickens relief valve, model number
CT-i 0-C-.20 (trlenillt-thro")t lingV!) A comppaat ive c ahuit ion was conducted using dtice
oit atnd oit tfrom Zil opn1 reservoir.

The Sanlders servo valve anid file \icke-s relief vamtve test results are shiowvn ill graphls
S13-11( through W-3Qiid V3-101 through F 4 l 0 lin ap~petdix B, The test rsults show that-

thle Satidersm frict iomaliirot t igvalve is much -puliett tOwn tile Viekmr turbilletit-thro tl tinl)
vaive. The results, also suggqest flhtt degassed oi limKes litleI. if anyi,. ditferenice inl tle noise Ott-
put Of thle Viekers V.-Ilve alt ile lower tiow nates, but reduces thle noise output b 1 approxi-
nIately to kill at 20SZgptn.

Tlhe 8Saniters seivo valve and tile Vickers relief, valve wet'e tesied at i-e111tuit le pressure1-s
ot'0 atid S00 psi. Acoustic data- tgutph11S t- 101 through (-i 0S o'appendNii Msho'v Owtl there

us l~ri dcreseinl noise- oup t le Viekevs valve when back-pressuird to 500 I'm, *Ilhe
data al.,o showv 1iti1 there is no decease ill noise out put oft tile Sanders \zalve wlvhimeck-

prssreL The Viekers, Valve. whleni bick-piressured 1o 500 psi. is as inc ;1s file Sanlders valve
at 5 gpim: howevero. tile Samders valve is v. pp31rox Ituatctv 10 kiI quieter -i tile higher flowv rates,

With desigil ;ssistallu fromt lieluaid A. Mhilroy Of tby NSRDlC -\nnzpolis I-aboratorv
a loatite piesstiv relief vatve wa~s designed. fabricated. Muid aIcoustically ttd. Illetri:

NSRDC tests. lRolimite valves hiad proved to bec Comtparatively quliet: tisl- Csl'erienee led to
NOSC*s, interest inl thle 'tVeh for p otential usew inl sulimnribles. :\eeorditng to Mitroy (reice
4). thre Rotamuite valve achieves quiet frict ional t irlot t hug with tiei of tile trobtle ils of :on-
venilional des imls. suich as Close lllachilillig_ lcikarne. e'nteule fIll gn etc.

4.~ ~ ~ ~~T 1ziliw -t , RI.Alf~Rlit aGte\~lvs". Naval Shill aes ik n De' topmlciit CCeitte:
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T he fltti tona ii litottling Rohniu11tv Vailve NOS draw ~i ing iumhi DRlS-1000 ka ppentdix

I' 11ises Collima te d I tole Structure tClIIS). nunut t1facured by. 111iii- tk Co( rztlttio as thle

ll Rokuniite 'lve wa~s de-sigied .1", la pi to topeutled ilxalte e The p-lot Xsuige \%-I\Ieindit leRlnievle 1vvr the pilot st~ge kiltmilleii into tile Rl'thiiute housIng
wi ot 0 used inl thle aieoust0i tests hekduse tit p'ool T~itrune he pressire w'ould (Wilhtt

crew o ptie pressrre Cycled oThe jdtMg \-Ild lnA t:t11Ab dtsig iel~li

the Control port atnd used ats .1 reilote pilot steI'ture II I. thle Kolaz;iii ah- 1 'il ethn peucd
steadily. The remloteo rveevalve was nlot sublmerged dnrnreli thle anstctest,\ ud it id nlot
contributte to tile acolltIe outplut otf fihe Rohmnulte valve-

REFMOTE ~ I----

HYDRAULICL..... I
TEST

STAN'D

ROI AMITE~ VA\LVE

-E-

Pjili Il RA.1umute V1hVV test M i-mauzeiltieil

GrapliI-(,O thIlough11 B-(104 in appentdix ll, show that the Rolamillte vaht, hNd its
hlighest acoustic output at 10 gpi an11d was quieter at the lugli1er flow rates, This charactm istiv
mlay be title to thle arranlgemenlt ot' the Cl 15 tluotthing elements (appenidil 1)), As shownl in
appendix 1). thl. two throttling elent ale separated IN\ .1 plenumi ring forminlga plenumil
chamlrber Flow thr1ough tile eilments is regultd th-iotthbndsirceednti

firt eemet. ot, flil~ me~te flow alva Of thle Wie 'id e0lement relmiuns "&thetsle I bcre-
tore, thle plvssut'e drop, aeixls the seconld element Varnes prilportlolnallh with thle tlow, til

4 ~highler thle flow, the greater thle l'ressuix' drop, lhe weonld ~'emn set'eetive at the lugher
flto-w rates :iud not at tile low 1ritesz, I lim-ever. at Iigpn rthe eCenlent mlay not Ilm',
enough ot'ect over the iucrc tubl ee to Keep the nloise level as low as it Is at 5 gpmt,
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C~rtph' i 111holigh G-204 tapelldix. ('Ocleati, sIhm 1that "he 1tolin~w valvC is
1110 qw e -ea the --stir'acte than "tie NIICkers I'elierval 1 t nomnaI oper~ting vollltR'fS.

is rw t\d III iheIJ \ ccNhdv.teut iet timls.I-ever. tile Rolamite \hv still

1~ttfIt ~ 01th~x'i~t ~04 onviltdi\ C)~ Alow thatu the lRohmmne is poeid~1
Xpliet111.111i Owe Sa'tkivsN \ ew vahi eaepitrt'vq%%eIIIe-s abo'wC 30 kdll (or the I 0-glpni flow

nm,.111 aud th-v I A30 K1 4; al thle flow'i ravei's

l'It livi=lt -. ilic 11,R)WIN \\V.", tc'tcd ait 'iriow\t po1mei- lewus to tmiubte the loadittig
wractlofli\ et v WC subiom ettile INpilx11 11s't 10it\s To mnltct prolviic' loaditig \\111hout

vilmItii thlo urSuati Pwr ettr 11111111e'c. I loil iiu~ tk ~A11111..11.1 dik ev I lid to' tile
-- uo'v tt ti.iu-V 1 )- A tiietkoinetvi wolkh-ii" Imit \\ais dtw~ aiitla chd tio tile shaft t") III )tit,~

\1,1 till,,p Semeuti i'sks twm iIivi diam etku \\ere ai'atialle. tI ch disk WZIN ewpenm-110-
___ itt thh~itd to detet1i iw the tonjuee teqiiid to vt'mie it al t 1 -ien Ipnt whtile NzIIIered

Mi Wavter th11 -pe t v \I Jimi cmv' ol 111 aMte'tiois %11-.k\ e -d it) select zi rl-olseler ini-
____ tot' ttt~~ht \Vwutii wnt therw io-wkt tic toakiiit for ; ie wtr
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GAGE RELIEF VALVE

II

ELEC

SERVO VALVES

111e 'Wno vaits. iv ivitially testvu 10- colilncing (lthi tn rol 'iS, toitv.a
awon II illtvr 16. and connecting the 1UOM -ii '1tvupe acos tlis '~ih&lrlx fo

thmmich tile rib" -' a i licd by vaivtc the electiCal sulpply vmlacIli. loOf test-
(141di M0 . silui lt ' '111v :elia use Condit'lon' ii nlllntWsiR vi 'r tpe

aIcross p1orts Ci and C, - 00pi at ea-ch port. II thle acuall system wlltile I WX '- s i tv dropi
would bec divided beten tile lw-draulic movtor alld the svo Val;dv tiht pmreu Irons ars

catiwuld depend- onl the aniolult otr hlow '1-rough the valve to the llitor. I inc'nl -

%\kiitest (tigure 1 1) te ontrol p'orts were "onucted tos a1 lidraiiC molktor Part of tilt

fiw valve. Te mleasured- nloiNe outna i' iakenl as the comhtnied noist uitiut (it th' mnotor
to load thle mlotor Withiout Creating the trb.1ince and thruts! idtt'rtiit inl .i rotiti :'ro-Cllcr.
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ResutlIts of thec servo Valve tests are shown inl graphis, 1-101 thirough E'-3 10 ol' appenidix
A. Test results of servo valves and motors inl the final test configuration are shown inl graphis
F- 10 1 I hrotigh F-41I3 of appendix A. In iIthis con figuration, the hIighest noise levels were pro-
duced at low mlotor rpmII where tile Ilrgest pressure (11rop occurredl across thle ser-vo Valve. Whlen
thle mlotor's were r-tin at thle ig~her speeds. mlore precssure was dropped across thle motors.
reCsult61 il nIO~l nlornise oult pitts. The Olsen-WS I com bina tion u.<iibi ted the lowest noise out-
Put ad asselected fo1 use Onl R UWS.

COMPONENTS SELECTED FOR USE ON RUWS

Th'le componenlts selected 17or thle inlitial Construct ion of' thle vehlicle in 1973., a ftei' thle
l'irst Component acoustic test series in thie doughboy swimming 1)001 were (lone. wvere:

1. Vickers pump

2. Vickers relict' valve

3. Olen servo valves

4. WVasliinioon Scient iflic I ndust ries motors
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STe ivpv s ofI vivl'. tv t"I il-wuilild (lie I ,Iio\Vitt'-
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00 1 crsv\ 10 u' 11
10011 pi
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Afte h.instalat ion mid cheockouit. thie Vehicle was a1coust icallv tested with i he hydrllo-
photl. mon ted Oltile I'r-ont o1 tile foaml pack wvhere hle Vehicle Search sonlar (VSS) ltit nlate- -

l'y Would Ile moun11ted. T'estinug wsdone i Kaneoihe 13ay Yandli sea level mea suremen ts wvei'e
I-eeoI'(ld. Tlo simullate, I000\-f',ot depth1 oporat ions, thie hlydraulic systeml W.I. pzIVNssriedl to
i00 psi, CTe Ivsuilts arel shown i figuire 18.

Since I)7,whel thie hydraulic contponentls wvere selected. Comiponent acoustic tests
have eonfi t ted. Betcause ol' thie lie\\- 0SIA regutla lions onl noise in (lhe working envfiionmen
ihd muilic colipoticn~itttt tatiiti have beeni expe.nding greatler' e thrt s ill desin g quitie ter
hy'dratilte. conipoticti ts. Qute t hlydraulfics developmniet has also been cont iki tug at Navy
labora tories,

(Conmponenit acoulstic tests have conit jutted oniull and vaves which wvere tile uIkor.
nloise produtcers. C'ommercial pumpils adivertlised by thie mlann lt rersvI to be quiet Ww teted.
as were valves inlcorporating quiet throltlin techniques. As aI tesult of' these continuinig tes
aI nlew\ SUIlen I taeModel Racdie j'tttn has been selected to ieplace thle Vic kors van1e pumpill
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CONCLUSIONS

There are sever.l m.Jnisms ol noise g~eneration in hb draulic si'stems. The malor
mechanisnis are cavitation, machinery and Iflid f'low.

In hydraulic compo cuts and systems of' which noise was not a design consideration.
cavitation could be thle most serious noise source. Cavitation occurs when, at sOlle point ill
the system, the local pressure is less than tile vapor pressure or the hydrauilic fluid and bubbles
-ire formed. This can occur in areas of high~ velocity flow and intese turbulence. Then, at a1

- point downstream, thle pressure rises above the vapor pressure and thie bubble collapses
(implodes) producing broad banld noise extendig from the audible into the inaudible fre-

By maintaining thle pressure throuighout thle s'ysteml at a level hgh enlough that even in
areas of' intense turbulence the local preisure dtoes not drop below the vapor pressure of thle
fluid, cavit'ation would be eliminated, The components tested1 showed a reduction in noise
output when return line pressuires were maintained above 450 psi. This is the condition of'
suibmersible, hydraulic systems that have reservoirs compensated to amibient pressure in the
deep ocean. It may also be accomplished with a closed system with a sualed reservoir pressur-
ized to 450 psi.

Hydraulic components are being dlesigned and produiced without a tendency for cavi-
zt tation. Sharp-edged orifice valves are highly susceptible to cavitation because of the high fluid

velocities and turbulence onl the exit side of' the orifice. Several throttling techniques
using" small-cross-sectionl multiple path~s are presently employed by manufacturers making
quiet throttling valves. These techiniques keep flow velocities and turbulence at levels Which
(d0 not produce cavit Jion.
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APPENDIX A

TEST DATA OF FIRST TEST SERIES

GRAPHS

This appendix presents the results of the first series of acoustic tests, depicted by
no0ise profile graphs for each of the componients and specitfied test conditions. The decibel
Scales for all graphis have a reerence of I microllascal per hiertz per yard (dl3/hd'af!ll;,vd).
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REL VALVE -l CRCLE SEAL P 10.776 RELIEF VALVE - CIRCLE SEAL Pi0.776
INLET PRESSURE - 1000 PSI INLET PRESSURE - 1500 PSI
RETURN PRESSURE -500 PSI RETURN PRESSURE -1000 PSI
FLOW '10 VALVE 18 OpM FLOW TO VALVE - 18 GPM
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Frequency (kHz) Frequency (kHz)t

MOTOR CHAR-LYNN MOTOR -CHAR-LYNN
IMOTOR RPM - 300 RPM MO0TOR RPM -600 RPM
1DISK DIAMETER - 22.625 IN DISK DIAMETER - 22.6215 IN

TESTED AT KU TnRE RESERVOIR TESTED AT KU TREE RESERVOIR
C401 C-102
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Frequency (kHz) Frequency (kHz)

MOTOR - LAMINA MOTOR LAMINA

MOTOR RPM - 300 RPM MOTOR RPM - 450 RPM

DISK DIAMETER - 22,625 IN DISK DIAMETER - 22.625 IN
TESTED AT KU TREE RESERVOIR TESTE0 AT KU TREE RESERVOIR

C201 C-202
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1101
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Frequency (kIz)

MOTOR - LAMINA
MOTOR RPM - 600 RPM

DISK DIAMETER - 22.625 IN
TESTED AT KU TREE RESERVOIR t
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Frequency (kHz) Frequency (kHz)

MOTOR -PLANET MOTOR -PLANET
MOTOR RPM 300 RPM MOTOIl RPM - 450 RPM
DISK DIAME fER 2 .625 IN DISK DIAMETER -- 21625 IN
TESTED AT LI TREE RESERVIIOR TESTED AT KU TREE RESERVOIR

C-301 C302
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Frequency ,KHz) Frequency (kHz)

MOTOR - PLANET MOTOR - PLANET
MOTOR RPM - 600 RPM MOTOR RPM - 900 RPM
DISK DIAMETER 224265 IN DISK DIAMETER 2-. 5 IN
TESTED AT KU TREE RESERVOIR TESTED AT KU TREE RESERVOIR

C-303 C-304
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0 40 80 120 160 200 0 40 80 120 160 200
Frequency (kHz) Frequency (kHz)

MOTOR -WSI MOTOR - WSI
MOTOR RPM - 300 RPM MOTOR -45-0 RPM
DISK DIAMETER - 21625 IN DISK DIAMETER - 11615 IN
TESTED AT kU TREE RESERVOIR TESTED AT KU TREE RESERVOtiR

C-401 CA02
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70_
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50 _ -___ - -- -

0 40 80 120 160 200 0 40 80 120 160 200
Frequency (kHz) Frequency (kHz)

MOTOR -WSI MOTOR V-S
MOTOR RPM -600 RPM MOTOR RPM -90w Rpm
DISK DIAMETER - 2225I DISK DIAMETER - 22625 IN
TESTED AT KU TREE RESERVOIR TESTED AT KU TREE RESERVOIS

C-403 C-404
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Frequency (kHz) Frequency (kHz)

MOTOR - WSI MOTOR - WS I
INLET PRESSURE~ - 100PSI INLET PRESSURE - 300 PSI
RETURN PRESSURE 0 S RETURN PRESSURE - 100 PSI
F LOW TO MOTOR - 1 GPM FLOW TO MOTOR - 5 GPM
SHAFT RPM - 200 RPM SHAFT RPM - 30RPMTORQUE PRODUCED - 0INL TORQUE PRODUCED 10INL
DISK DIAMETER - 24 IN DISK DIAMETER - 24 IN

C-105 C406

110I 1 1 1
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80 11_ _I

d8 70
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0 40 80 120 160 200 0 40 80 120 160 200

Frequency (kHz) Frequency (kHz'

MOTOR -WSI MOTOR - WSI
INLET PRESSURE - 500 PSI INLET PRESSURE - Boo PSI
RETURN PRESSURE -150 PSI RETURN PRESSURE - 150 PSI
FLOWTO MOTOR - 7,1 GPM FLOW TO MOTOR IOGPM
SHAFT RPM - 450 RPM SHAFT RPM -600 RPM
TORQUE PRODUCED- 220 IN-LB TORQUE PRODUCED- 400 IN-LB
DISK DIAMETER - 24 IN DISK. DIAMETER - 24 IN

C-407 C-408
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Frequency (kHz)

MOTOR -WSI
INLET PRESSURE - S00 PSI
RETURN PRESSURE - I50 Psi
FLOW TO MOTOR - 5 GPM
SHAFT RPM - 300 RPM
TORQUE PRODUCED - 200 IN.LB
DISK DIAMETER - 28 IN

CA09
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Frequency (kHz) Frequency (kHz)

MOTOR - WS1 MOTOR %%'31

IN'LET PRESSURE - ZSo PSI INLET PRESSURE - 7950 PSI
RETURN PRESSURE - 12-5 PSI RETURN PRESSURE - 175 PSI
FLOW TO MOTOR - 2.5 GPM F Low TO MOTOR - 5 GPM
SHAFT RPM - I50 RPM SHAFT RM-0 RP
TORQUE PRODUCED- 100 iN LB TORQUE PRODUCED- 4~IN-B
DISK DIAMETER 37,875 IN DISK DIA16ETER - 32$7 IN

C-41 0 C.411
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dB8 70___
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0 40 80 120 160 200 0 40 80 120 160 200

Frequency (kHz) Frequency (ki-z)

t.;~OTOR -WSI MOTOR - WSI
INLET PRESSURE - Soo PSI INLET PRESSURE - 1 owlPSI
RETURN PRESSURE - 125 PS I RETURN PRESSURE - 125 PSI
FLOW TO MOTOR - 5A6 GPM FLOW TO MOTOR - 6-5G
SHAFT r-PM - 324 RPM SHAFT RPM - 342RP
TORQUE PRODUCED - 420 I N-LB TORQUE PRODUCED - 510 IN-LB _

DISK DIAMETER - 32875 IN DISK DIAMETER -- 32 vs5 IN
C-412 C413
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Frequency (kHz) Frequency (kHz)I
MOTOR - WSI MOTOR -WSI

INLET PRESSURE - 400 PSI INLET PRESSURE - 600 PSI
RETURN PRESSURE - 125 PSI RETUIAV PRESSURE =125 PSI
FLOW TO MOTOR - 2.5 GPM FLOW TO MOTOR - 3R. GPM
SHAFT RPM - ISO RPIM SHAFT RPM - 210 RPM
TORQUE PRODUCED - 220 IN-LB TORQUE PRODUCED - 20 IN-LB
DISK DIAMETER - -55 IN DISK DIAMETER - 25.75 IN
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Frequency (kHz) Frequency (kHz)

MOTOR - WSI MOTOR W VSI
INLET PRESSURE - 850 PSI INLET PRES SURE - 110OPSI
RETURN PRESSURE - 125 PSI RETURt.PRESSURE - 125 PSI-i
FLOW 1O MOTOR - 4S6MFLOW TO MOTOR - SGPM
SHAFT RPM - 260 RPM SHAFT nPM - 300 RPM
TORSQUE PRODUCED -510 IN-LB TRU RDCD-60I-l
DISK DIAMETER - -355IN DISK DIAMETER - 35175 IN

C-416 C417:
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MOTOR - NUTRON MtOTOR - NUTRON
INLET PRESSURE - i CaST PRESSURE - soc ni
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,i i+, --" PS I
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80 12010 0 0 0 8 2 10 20I

Frequency (kHz) Frequency (kHz)

MOTOR -NUITRON_ MOTOR -NUTRON -

INLET ?PRESSURE - 850 PSI INLET PRE-SSURE - 1160 PSi -_
RETURN PRESSURE - 150 PSI RETURN PRESSURE - 150 PSI---
FLOW TO MOTOR- 430PM FLOW TO MOTOR - 3 GFM

SH AFT R1PM - 492 RPM SHAFT RPM - 52 RPML

Jfl2* EPRODUCED - 200 IN-1B TORQUE PRODUCED- 390 iN-LB
DISK DIAMETER - 24 IN DISK DIAMETER - 24 IN
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MOTOi: NUTRON
INLET PRESSURE - 1300 PSI

___ RETURN PRESSURE - 150 PSI
-~FLOW TO MOTOR - 6k GPlM

SHAFT RPM - 600 RPM
TORQUE PRODUCED - 400 IN-LB
DISK DIAMETER - 24 IN
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Frequency (kHz) Frequency (kt-z)

=SERVO VALVE -MOOG 74 SERVO VALVE - MOOG 74
INLET PRESSURE - 1000 PSI INLET PRESSURE - 1000 PSI

-- CllC12 PRSUE= 50PICI/C2 PRESSURE - 500 PSI
-RETURN PRESSURE 0 PSI RETURN PRESSURE - 0 PSI

FLOW TO VALVE 1 V8 GPM FLOW TO VALVE- 410 PM- -

E-101 E-102
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50 z~ j
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Frequency (kHz) Frequency (kHz)

SERVO VALVE - MOOG 74 SERVO VALVE - MOOG 74
INLET PRESSURE 1000 PSI INLET PRESSURE - 1000 PSI
Cl1C2 PRESSURE So50 PSI Cl1C2 PRESSURE = 500 PSI
RETURN PRESSURE - 0 PSI RETURN PRESSURE = 0 P.11
FLOW TO VALVE - 7.2 GPM FLOW TO VALVE - 7.4GPM

E-103 E-104
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Frequency (kHz) Frequency (kHz)

SERVO VALVE - MOOG 74 SERVO 'ALVE - MOOG 74
INLET PRESSURE 1250 PSI INLET PRESSURE - 1500 PSI
CtIC 2 PRESSURE- 750 PSI CItC2 PRESSURE - 1000 PSI
RETURN PRESSURE - 250 PSI RETURN PRESSURE 500 PSI
FLOW TO VALVE - 4 GPM FLOW TO VALVE- oGPM

E.105 E,406

~~130 - l- -- -

: 120

I I1 1 0 0 16

IEV P -V OG7 EV AV MOO 74

IlC RSUE 10 S I1C HRSURi 00 S

0ET40 80E 120R160 00 0 40 TUR 120SUR 10 200 I

SERV O VLVE = 3,OG 74 SERVO VLVE OO 7 GM--=--

INLE 1-RSSUR- 100 ISI ILET RESURE 160all
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Frequency (kHz) Frequency (kHz)

SERVO VALVE -MOOG 74 SERVO VALVE - MOOG 74
INLET PRESSURE 1500 PSI INLET PRESSURE - 1500 PSI
Cl.lC2 PRESSURE - 1000 PSI CliC 2 PRESSURE 1000 PSI
RETURN PRESSURE - 500 PSI RETURN PRESSURE 500 PSI
FLOW TO VALVE - 7.5 GPh FLOW TO VALVE - 76 GPM
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Frequency (kHz) Frequency (kHz)

SERVO VALVE - MOOG 35 SERVO VALVE - MOOG 35
INLET PRESSURE - 1000 PSI INLET PRESSURE - 1000 PSI
C1lC2 PRESSURE - 500 PSI C11C2 PRESSURE - 500 PSI
RETURN PRESSURE - 0 PSI RETURN PRESSURE - 0 PSI
FLOW TO VALVE - 4 GPM FLOW TO VALVE - 6 GPM

E-201 E-202
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-_N 60

0 40 80 120 160 200 0 40 80 120 160 200

Frequency (kHz) Frequency (kHz)

SERVO VALVE - MOOG 35 SERVO VALVE - MOOG 35
INLET PRESSURE - 1000 PSI INLET PRESSURE - 1500 PSI
C/C 2 PRESSURE - 500 PSI C/C 2 PRESSURE - 1000 PSI
RETURN PRESSURE - 0 PSI RETURN PRESSURE - 500 PSI
FLOW TO VALVE - P GPM FLOW TO VALVE - 4 GPM

E-203 E-204
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Frequency (kHz) Frequency (kHz)

SERVO VALVE - OLSEN SERVO VALVE =OLSEN

INLET PRESSURE - 1000 PSI INLET PRESSURE 1000 PSICI1C2 PRESSURE - S00 PSI C11C2 PRESSURE 500 PSIRETURN PRESSURE - 0 PSI RETURN PRESSUR 0PiFLOW TO VALVE - 0OGPM FLWOVL E 0 4PI
E-301 E-302
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dB 70-- ~ f--

40 -L
0 40 80 120 160 200 0 40 80 120 160 200

Frequency (kHz) Frequency (kHz)

SERVO VALVE - OLSEN SERVO VALVE OLSEN=INLET PRESSURE - 1000 PSI INLET PRESSURE - 1000l PSi I_
Cl' 2 PRESSURE - 500 PSI c11c2 PFE-SSURE Soo PS_:

=RETURN PRESSURE - 0 PSI RETURN PRESSURE - 0 PSIFL.OW TO VALVE - I GPM FLOW TO VALVE- 4 GPN
E-303 E-004
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C11C2 PRESSURE - 500 PSI C11C2 PRESSURE - 500 PSi
RETURN PRESSURE - 0 PSi RETURN PRESSURE - 0 PSi--:

FLOW TO VALVE - 6 GPM FLOW TO VALVE- 7 GPM 7'-
13 -- E.305 E-306-@
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0 40 80 120 160 200
Frequency (kHz)

SERVO VALVE - OLSEN
INLET PRESSURE 1500 PSi
Cl1C2 PRESSURE - 1000 PSI
RETURN PRESSURE - S00 PSI
FLOW TO VALVE - 6S GPM

E-307
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F Ftqency (kHz) Fre-quency (kiz)

SERVO VALVF -OLSEN SEV -AVE - OLSEN

INLET PRL SUE- 1500 Psi INLET PRESSURE IS1O0 Psi

CjpC2 PRESSURE - 1000 PSI C1 C RSUE 0- S
RETURN PRESSURE - 500 PSI RETURN PRESSURE - 500 PSIFLOW TO VALVE- 4 GPM FLOW TO VALV- GPM
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1dB 9 0---

70 - - - - --
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SoI~~-
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Frequency (kHz)

SERVO VALVE -OLSEN_

INLET PRESSURE - 15001 31
CIC2 PRESSURE - 1000 PSI
RETURN PRESSURE - 500 PSI
FLOW TO VALVE - 9 GPM
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Frequency (kHz) Frequency (kHz)

SERVO VALVE & MOTOR -OLSEN & NUTRON SERVO VALVE & MOTOR -OLSEN & NUTRON
INLET PRESSURE - 100a PSI INLET PRESSURE - 1000 PSI
C1 PRESSURE= C1 PRESSURE - ~ 700 PSI
C2 PRESSURE C2 PRESSURE -300 PSI
RETURN PRESSURE - 0 PSI RETURN PRESSURE - 0 PSI
FLOW TO VALVE-JMOTOR 1.8 GPM FLOW TO VALVEIMOTOR - 3.8 GPM
MO0TOR RPM -150 RPM MOTOR RPM -300 RPM
DISK DIAMETER 24 IN DISK DIAMETER -24 IN

F-101 F-102I ~~~130 --- iii 'F Fr zz--
1101

1004- -1
dB 90Lni\..

__ ~~70- ~ I - -

_ ~~50-_ 111 ±
0 40 80 120 160 200 0 40 80 120 160 200

Frequency (kHz) Frequency (kHz)

SERVO VALVE & MOTOR -OLSEN & NUTRON SERVO VALVE & MOTOR OLSEN &NL'TRONI
INLET PRESSURE 1000 Psi INLET PRESSURE - 1450 PSI

=C 1 PRESSURE- 900 PSI CI PRESSURE- 1350) PSI
C2 PRESSURE -Z1O PSI C2 PRESSURE -100 Psi

=RETURN PRESSURE - 0 PSI RETURN PRESSURE - to PSI
-:FLOW TO VALOVE-1MOTOR 5,2 GPM FLOW TO VALVEIMOTOR -7.4 GPMI

MOTOR RPM - 450 RPM MOTOR RPM 000 RPM
DISK DIAMETER -24 IN DISK DIAMETER - 24 IN

L=F-1 03 F4~04J
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Frequency- (kHz) Frequency (kHz)

INLETPRESS - 5O0 PSI IN"ET PRESSURE - 1500 PSI

C 1 PRESSURE - 506 Psi Cl PRESSURE - 110D0 PSI
C I PRESURE - 5m C PRESSUR -- 00 PSI

RETURN PRESSURE -- 300 PSI RETURN PRESSURE Soo50 PS!
FLOW TO VALVE/MOTOR - 0 GPM FLOW TO VALVE .MOTOR - 0.5 Gp%I

MOTOR RPM U 0 RPM MOTOR RPM - 60 RPMDISK DIAMETER - 35.75 IN DISK DIAMETER - 35.75 1N

F-201 -0

110 - 1...T

° IIi f Ii i iI

dB 70 - A 12
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40
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Frequency (kHz) Frequency (kHz)

SERVO VALVE & MOTOR - MOOG 74 & SERVO VALVE & MOTOR - MOOG 74 & WSI
INLET PRESSURE - 1500 PSI INLET PRESSURE - 1500 PSI
C1 PRESSURE - 1100 PSI C1 PRESSURE - II I% PSi
C2 PRESSURE - 900 PSi C2 PRESSURE - 8530 PSI
RETURN PRE.aSURE - 500 PSI RETURN -RESSURE - 5 PSi
FLOW TO VAINEIMOTOR - 2 GPM FLOW-TO VALVEMOTOR - 2G GPM
MOTOR RPM - 120 RPM MOTOR RPM- 150 RPM

DISK DiAME-i ER - 35.75 IN DISK DIAMETER - 35i5 IN

F203 5=204
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Frequency (kHz) Frequency (kHz)
SERVO VALVE & MOTOR - MOO3 74 & WSI SERVO VALVE & MOTOR - MOO 74 & 1WS61

INLET PRESSURE 1500 PSI INLET PRESSURE - i500 PSI
C1 PRESSURE 1150 PSI Cj PRESSURE- no PSI

C2 PRESSURE Soo PSI Ci PRESSURE - 750 PSI
RETURN PRESSURE - 500 PI RETURN PRESSURE - SOO PSi
FLOW TO VALV=EIMOTOR - 32 GPM FLOWT VALVEIMOTOR 36GPM
MOTOR RPM -180 RPM MOTOR RPM 2I RPM
DISK DIAMETER - 3535 iN DISK IiAMETER - 3.51N

F-205 F-206
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dB 70 _
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Frequency (kHz) Frequency (kHz)

*SERVO VALVE & MOTOR - MOOG 74 & %'SI SERVO VAL-VE &, MOTOR -MOOG 74 & WSi
INLET PRESSURE 1500 Psi INLET- PRESSURE- 1500 PSi
Cj PRESSURE - 135PSI Cj PRESSURE - 1450 PSI

2 PRESSURE -00 P3 C2 PRESSURE - 700 PS

K C2

RETURN PRESSURE - 500 PSI RETURN PRESSURE 0 50 PSI

FLOW TO VALVEIMOTOR- 4.6 GPM FLO W VALVEJMOTO -A 5.!GPM
MOTOR RPM = 246 RPM MOTOR RPM - 270 rPM

DISK DIAMETE 35151I DISK DIAMETER - 6 IN
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Frequency (kHz)

SERVO VALVE & MOTOR - MOOG-74 & WSI
INLEST P!NSSRE - 1500 PSI
C1 POESSURE 1500 PS1
C2 PRESSRURE 500 PSI
RETURN PRESSURE - 00 PSI
FLOW-TO VALVEIIMOTORI = 5GPM
MOTOR:RPM =2612 RPM
DISK DIAMETER - 36.75 IN
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0 40 80~ 120 160 .200 0 40 80 120 160 200

Frequency (kHz) Frequency (kHz)
SERVO VALVE &MOTOR -MOOG 35 & WSI SETRVO VE &MOTOR MOOD 35 & S

INLET PRESSURE 1500BO PSI INLET PRESSURE 1500o PSI
Cl PRESSURE= 11G sI PRESSURE - I1100 PSI

C2 1SSUREl - goo PSI C2- PRESSURE 950 PSI
FIE! -N PRESSURE - 500 Psi RETURN PRESSURE - 500 PSI
F-LOW TO VALVEIMOTOR 0.5 GPM PLO w-TO VALVGIMOTOR -I GP M
MOTOR RPM - 31) RP~M- MOTOR Rpm - 0 RPMA
DISK DIAMETER - 35 IN DISK DIAMECTER 35,75 IN

90

-dB 70

60-_ _
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0 40 80 120 -160 200 0 40 80 120 160 200

Frequency (kHz) Frequency (kliz)

SERVO VALVE & MOTOR -MOOG 35 &WSI SERVO VALVE &MOTOR MOOG -5 S. W-91
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APPENDIX B

TEST DATA OF SECOND TEST SERIES

GRAPHS

This appendix presents the results of the second series of acoustic tests, depictedby noise profile graphs for each of the components and specified test conditions. The decibel-_ scales for all graphs have a reference of I -microPascal per hertz per yard (dB//gPa/Hz/yd).
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APPENDIX C

TEST DATA OF THIRD TEST SERIES

GRAPHS

This appendix presents the results of the third series of acoustic tests, depicted by
noise profile graphs for each cf the components and specified test conditions. The decibel
scales for all graphs have a reference of I microPascal per hertz per yard (dB//]Pa/Hz/yd).
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AP~PEND)IX D

NOSC ROLAMITE VALVE IDESIGN

ARoiaili te valhe was desi-ned and tested by thle Naval Ocean Systems (Center. H awalii
Laboratory. Ihe valve is shown ill fl'UreS D)-] and D)-2: design details arec contained inl thle
NOSC (Irawlim l)RS-19000 (3 ,heets).I

__ S4

I-

Fiur D-I. NOSC RoIlnnile valve
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